The objective of this study was to investigate whether cows diagnosed with claw horn lesions during routine claw trimming had an altered milk fat percentage on test days preceding the diagnosis, compared with cows without such lesions. Data included date of trimming, cow number, type, and location of claw lesions recorded by a professional claw trimmer during routine trimming sessions on 11 commercial dairy farms, and monthly test-day data. Recordings from 4,381 cows were included in the analysis. Three hundred seventy-two (8.5%) cows were diagnosed with at least one claw lesion. One hundred ninety-five (4.4%) cows were classified as cases of laminitis and 169 cows (3.9%) were classified as cases of infectious claw diseases. Average test-day milk fat percentage was estimated from monthly test-day data using a mixed model with a random farm effect and a marginal effect for repeated measurements. Estimated milk fat percentage of cows classified as cases of laminitis on the day of claw trimming was 0.17 and 0.22% less than that of cows with either no claw lesion or those with an infectious claw disease, on test days occurring 2 and 5 mo before claw trimming, respectively. To the best of our knowledge, decreased test-day milk fat percentage in dairy cows diagnosed with claw horn lesions has not been described. Because decreased milk fat and claw horn lesions have both been associated with subacute ruminal acidosis, it is plausible that subacute ruminal acidosis played a role in the association we found. A prospective study with a greater frequency of claw examinations would be necessary to help clarify these associations. Our findings indicate that test-day milk fat might be useful as a tool for monitoring cows and farms at risk for claw horn lesions.
INTRODUCTION
Traditionally, the underlying aseptic pathological condition affecting the bovine claw and playing an important role in the etiology of solar hemorrhages, solar ulcers, and white line disease has been referred to as laminitis (Vermunt, 2007) . It has been assumed that the etiology of bovine laminitis is analogous to that of equine laminitis, following the same stages described in the latter species. These stages are a) disturbance in the microcirculation of the corium of the claw with subsequent degenerative and inflammatory changes at the dermal-epidermal junction, including hemostasis, thrombosis, and necrosis; b) sinking of the distal phalanx in the claw capsule; and c) compression of the corium and epidermis, resulting in claw horn lesions such as solar hemorrhages, solar ulcers, double soles, and white line disease (Vermunt, 2007) . However, results from recent studies have seriously challenged these assumptions. Although arterio-venous shunts in the bovine claw have been described (Vermunt and Leach, 1992) , histopathological studies have shown that bovine laminitis can occur without the apparent pathological changes in the lamellae as described in equine laminitis (Lischer et al., 2002) . This implies that not only the etiology, but also the name of the condition might be inappropriate, as no inflammatory process in the lamellae is necessarily present. Accordingly, the term claw horn disruption has been proposed for this condition (Vermunt, 2007) . Nevertheless, throughout this paper we will conservatively refer to the condition described above as laminitis, and to the group of associated lesions as claw horn lesions.
Although the etiology of bovine laminitis is most probably multifactorial, its main cause is considered to be SARA (Kleen et al., 2003; Enemark, 2008) . Subacute ruminal acidosis is defined as a ruminal fermentation malfunction leading to a drop in ruminal pH for various periods of time (Kleen et al., 2003) . Subacute ruminal acidosis has also been associated with milk fat depression (MFD; Plaizier et al., 2008) , although recent research has shown that the association is not straightforward. Apparently, SARA might lead to MFD only in the presence of other factors present in the rumen, such as polyunsaturated fatty acids (Saebø et al., 2005; Perfield II et al., 2007; AlZahal et al., 2009 ). It might also be possible that rather than a causal relationship, the 2 are associated in that they arise under similar conditions (e.g., a lack of effective dietary fiber; Kleen et al., 2003) . Given the associations between the 3 entities, SARA, MFD, and laminitis, we postulated that milk fat percentage in cows with claw horn lesions might be altered compared with that in cows without claw horn lesions. Particularly, we aimed to investigate whether cows diagnosed with claw horn lesions during routine claw trimming had a lesser milk fat percentage on test days preceding the diagnosis, compared with cows without these lesions.
MATERIALS AND METHODS

Study Design and Population
The study was designed as a retrospective cohort study and was conducted in a convenience sample of 11 typical Israeli commercial dairy farms from different geographical areas in Israel. Farms were members of the Israel Cattle Breeders Association (ICBA) and performed monthly milk recordings. Herd size ranged from 293 to 611 cows. The study population consisted of Israeli Holstein cows held under zero grazing in open sheds in 8 farms, and in freestall barns in 3 farms. All farms fed a TMR fed in ad libitum amounts and carried out a biannual routine claw trimming performed by the same professional claw trimmer between March and November 2007. The claw trimmer was trained 10 yr ago by the first author and has worked as a full-time professional claw trimmer ever since. Prior to data collection, the claw trimmer met with the first author to ensure uniform identification and recording of the claw lesions used in the study. During this meeting, claw lesions were discussed using photographs of affected claws. Data collected during routine claw trimmings were recorded to predefined forms and included date of trimming, cow number, leg on which the lesion occurred (e.g., hind left leg), and type of lesion (i.e., diagnosis). Data were collected from both the lactating and the dry cows. These data were entered into a spreadsheet and merged with test-day data that were retrieved from the ICBA central computer.
Case Definition
According to the claw lesions found during the routine herd trimming, cows were classified either as a case of laminitis or as a case of an infectious claw disease.
A case of laminitis was a cow diagnosed with at least one of the following claw horn lesions: double sole, solar ulcer, solar hemorrhage, white line disease, and solar abscess . A case of an infectious claw disease was a cow diagnosed with either digital dermatitis or interdigital dermatitis, or both. In 4 cows, both claw horn lesions and infectious claw diseases were found and these cows were classified as cases of laminitis. Tyloma was diagnosed in 8 cows, but due to its unclear etiology, was not classified as a case of laminitis or as a case of an infectious claw disease.
Data Editing and Statistical Analyses
All data editing and analyses were performed using SAS version 9.2 (SAS Institute, 2006). Results were considered to be of statistical significance if the relevant P-value was <0.05.
Milk Fat Percentage. Average test-day milk fat percentage was estimated from monthly test-day data using a mixed model with a marginal effect to account for repeated measurements from the same cow. Prior to modeling, test-day fat percentage was plotted against months in lactation in cows without laminitis to determine the relationship between the 2 variables (data not shown). A U-shaped relationship was found and, accordingly, stage of lactation was divided into 3 categories: mo 0 to 1, mo 2 to 5, and mo 6 to 10. Parity number was grouped into 2 categories: first parity, and second and greater parity. Farm was modeled as a random intercept effect and the correlation matrix used for R was compound symmetry. The model we used was where Y is test-day fat percentage, LST is stage of lactation, I is time unit in months from a preceding test day to the diagnosis of the claw lesion (e.g., 1 = test day 1 mo before diagnosis, 2 = test day 2 mo before diagnosis), SUMMER is a dichotomous variable set to 1 if a test day occurred in the months from June to September and set to 0 if not, LAM is laminitis, MILK is test-day milk production (kg) and e a complex error term representing the within-cow correlation of testday fat percentage and the residual error. Significance of the fixed effects was determined using the F-test (PROC MIXED; SAS Institute, 2006) . The fraction of variance in test-day milk fat percentage that could be attributed to farm variability was quantified from the , where σ h 2 is the variance between herds and σ 2 is the error variance (Dohoo et al., 2003) . Finally, the random intercepts from the mixed model were plotted against the values of farm-level incidence of claw horn lesions for the purpose of investigating possible associations between the latter and a decreased milk fat percentage at farm level.
RESULTS
Data from 4,381 cows were included in the analysis. Of these, 372 (8.5%) were diagnosed with at least one claw lesion on at least one claw (Table 1) . One hundred ninety-five (4.4%) cows were classified as cases of laminitis and 169 cows (3.9%) were classified as cases of infectious claw disease. Double sole was the most common claw horn lesion (151 cows, 3.4%) whereas digital dermatitis was the most common infectious claw disease (146 cows, 3.3%). Farm-level prevalence of cows with lesions during the biannual routine trimming varied from 3.1 to 19.8 per 100 cows. The distribution of the different claw lesions over the participating farms is presented in Table 2 .
Test-day fat percentage was 0.05% less (P < 0.001) in first-parity cows compared with cows of greater parity and adjusted for all other variables in the model (Table 3) . Compared with test-day fat percentage in mo 6 to 10 of lactation, test-day fat in mo 0 to 1 of lactation and in mo 2 to 5 of lactation were 0.25% greater (P < 0.001) and 0.06% less (P < 0.001), respectively. No difference was found in test-day fat percentage between cows with no claw lesions and cows classified as cases of infectious claw disease (data not shown). Therefore, test-day milk fat data of these 2 categories were grouped and compared with those of cases of laminitis. Estimated milk fat percentage of cows classified as cases of laminitis on the day of claw trimming was 0.17 (P < 0.012), 0.22 (P = 0.001), and 0.13% (P = 0.058) less than that of cows with either no claw lesion or those with an infectious claw disease, on test days occurring 2, 5, and 6 mo before claw trimming, respectively (Table 3) . Least squares means of test-day fat percentage are presented in Figure 1 . The fraction of variance of test-day milk fat that could be attributed to farm variability was 8.5%. Although a linear relationship between the value of the random intercept and the incidence of claw horn lesions was not evident (Figure 2 ), the farm with the smallest value for intercept (−0.32) was the farm with the greatest prevalence (15.68%) of claw horn lesions.
DISCUSSION
Overall prevalence of the claw lesions found in this study was relatively low compared with other studies. Philipot et al. (1994) found a prevalence of hoof lesions of 89% in cows from 160 French dairy farms, Vaarst et al. (1998) in a Danish study, and Manske et al. (2002) found an overall prevalence of 72% for claw lesions in a study comprising 101 Swedish dairy farms. These differences are most probably due to differences in management, feeding, type of lesions recorded, and study objectives. In our study, only 3 farms housed cows in freestalls, whereas the remaining 8 farms used dried manure bedding. The relatively small proportion of cows kept on cement floors could explain the lower prevalence of claw lesions in our study, as this floor type has been associated with a greater risk for claw lesions (Somers et al., 2005a,b) .
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Journal of Dairy Science Vol. 94 No. 4, 2011 Table 3 . Association between various variables and milk fat percentage, P-value and 95% confidence interval estimated from a linear mixed model with a random farm effect and marginal effect for repeated measurements The greatest differences in test-day milk fat between cows with claw horn lesions and those without ( Figure  1 ) were found on test days 2 and 5 mo before routine hoof trimmings. The bovine wall hoof horn has been estimated to grow at a rate of approximately 5 mm per mo (Dyce and Wensing, 1983; Telezhenko et al., 2009) . If sole horn grows at a comparable rate, this would imply that many lesions would become apparent on the sole surface 1 to 2 mo after onset and could explain the difference in milk fat percentage found on test days occurring 2 mo before routine claw trimming. The difference in milk fat percentage found on test day 5 mo before routine hoof trimming is less understandable; it could indicate that certain cows are more prone to experience (repeated) events of SARA. In fact, individual variation in ability to cope with dietary factors that predispose to SARA has been demonstrated (Schwartzkopf-Genswein et al., 2003; Dohme et al., 2008) . However, it must be kept in mind that the retrospective character and the relatively infrequent hoof trimmings in this study do not allow a good estimation of the time of onset of the claw lesions found.
Our cow-level findings support the clinical distinction between claw horn lesions and those related to infectious diseases. The claw trimmer, blind to the test-day results of cows that were trimmed, identified 2 populations (i.e., cows with claw horn lesions and cows without) with significant differences in test-day milk fat percentage.
Our herd-level findings support the possible use of test-day milk fat percentage as a tool for identifying herds at risk for claw horn lesions. Farm-level variability accounted for 8.5% of the total variance in test-day milk fat percentage, and in all but one farm, random intercept values estimated from our model varied from −0.13 to 0.11. The corresponding claw horn lesion prevalence on these farms was between 1.96 and 6.00% (Figure 2) . However, the one farm with the extreme random intercept value of −0.32 was also the farm with the greatest claw horn lesion prevalence of 15.68%. Thus, test-day data might be useful as a screening test for identifying farms at risk for laminitis.
To the best of our knowledge, decreased test-day milk fat percentage in dairy cows diagnosed with claw horn lesions has not been described. A decreased milk fat percentage has, however, been associated with SARA, and a prevalence of 10% or greater of cows with a milk fat percentage of 2.5 or less has been suggested as indicative of a SARA-problem in a Holstein herd (Nordlund and Garret, 1994; Garret, 1996) . Subacute ruminal acidosis has also been associated with laminitis, and various researchers have asserted that the latter is the most significant sequel of SARA (Ivany et al., 2002; Cook et al., 2004) . Based on these associations, it is plausible that SARA played a role in the association we found, being associated with both a decreased milk fat percentage and claw horn lesions. A prospective study with a greater frequency of claw examinations would be necessary to help clarify these associations. Our findings indicate that test-day milk fat might be useful as a tool for monitoring cows and farms at risk for claw horn lesions.
